Background. The HELLP syndrome (Hemolysis, Elevated Liver enzymes and Low Platelets) is a complication of severe pre-eclampsia, a condition characterized by oxidative stress elevation caused by disequilibrium between lipid peroxidation and antioxidant defense mechanisms, which, in turn, results in endothelial compromise and free radical-mediated cell damage. While several studies have examined the relationship between pre-eclampsia and oxidative stress, research investigating oxidative and hypoxic status in HELLP syndrome is limited.
Introduction
The HELLP (Hemolysis, Elevated Liver enzymes and Low Platelets) syndrome is a multi-systemic disease with a poor prognosis arising from endothelial dysfunction. It is characterized by multiple organ failure and widespread pregnancy symptoms, such as proteinuria, hypertension and generalized edema, as well as laboratory findings, such as microangiopathic hemolysis, increases in liver function tests and thrombocytopenia. [1] [2] [3] [4] The condition occurs in 0.2-0.6% of all women during pregnancy and in 10-20% of cases of eclampsia or pre-eclampsia. The exact mechanism involved in HELLP syndrome, regarded as an extreme form of pre-eclampsia, is uncertain. 5 The disease occurs as a result of abnormal placental development or function and ischemia, as in severe pre-eclampsia. The 1 st stage of the disease is characterized by defective placentation, in which trophoblasts in the decidua prevent complete conversion of the spiral arteries. 6 This leads to uneven blood perfusion, hypoxia and oxidative stress. Clinical symptoms, such as hypertension, proteinuria and edema, associated with maternal endothelial injury and systemic inflammation, subsequently appear. 7 Oxidative stress is related to the deterioration of the prooxidant and antioxidant balance. 8 This results from both excessive reactive oxygen species (ROS) and/or inadequate antioxidant mechanisms. 9 Oxidative stress increases during uncomplicated pregnancy, due to increased metabolism and a rise in basal oxygen and energy consumption. The placenta, a highly vascular organ, rich in mitochondria and macrophages, is particularly responsible for the production of free radicals. These cell organelles manufacture significant quantities of oxidants, capable of causing injury to the placenta. However, at the same time, antioxidant levels also rise to protect against this injury. Under normal conditions, high levels of oxidants in pregnancy are compensated by antioxidant level elevation, thus averting significant oxidative damage. In contrast to normal pregnancy, when pre-eclampsia occurs, the existing antioxidant levels are incapable of preventing oxidative damage resulting from high levels of free radicals. Additionally, decreases in the levels and activities of a number of antioxidants are observed, including vitamin E, glutathione peroxidase (GPx) and superoxide dismutase (SOD). The combined impact of these factors results in increased lipid peroxidation, endothelial cell dysfunction and vasospasm. 10 However, the number of studies examining the relationship between oxidative stress and HELLP syndrome is limited. Decreased ferric reducing ability of plasma (FRAP) and increased protein carbonyl levels are reported in women with HELLP syndrome. 11 Increased levels of oxidative stress markers, such as malondialdehyde (MDA) and proinflammatory cytokines (interleukin-6 and -8) were also shown in infants of pre-eclamptic mothers with HELLP syndrome. 12 This prospective study of women with HELLP syndrome and normal pregnant women was intended to observe the relative changes in oxidative stress markers ( 
Material and methods

Study design and patient settings
Once the approval had been received from the Karadeniz Technical University Medical Faculty Ethical Committee, Trabzon, Turkey, informed consent was obtained from all subjects. Pregnant women with HELLP syndrome (n = 23) and healthy pregnant women (n = 30) were enrolled as the study and control groups, respectively. Blood samples of the study and control groups were collected during the period January-June 2016. All women in the study group met all the criteria required for the diagnosis of HELLP syndrome: microangiopathic hemolytic anemia with characteristic schistocytes (helmet cells) on blood smear, platelet count (PLT) ≤100,000/mL, serum lactate dehydrogenase (LDH) >600 IU/L, and elevated liver enzymes (≥70 IU/L) -serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST). 13 The control group consisted of healthy pregnant women attending the gynecology unit for a routine examination. The exclusion criteria were: a known history of deep vein thrombosis or pulmonary embolism, diabetes mellitus, antiphospholipid syndrome, chronic or acute renal disease, systemic lupus erythematosus, recurrent miscarriage, or thrombophilia; active smoker status; multi-fetal pregnancy; and the use of anticoagulant, non-steroidal anti-inflammatory, corticosteroid, or antiplatelet therapies. The study subjects were not receiving fetal lung maturation or HELLP syndrome treatment steroids at the time of the research.
Ethical approval
All procedures involving human participants were performed in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments, or comparable ethical standards.
Blood samples and laboratory methods
Five-milliliter blood samples from each subject were collected in separator gel containing Vacutainer tubes. After clotting, these were centrifuged at 1800 × g for 10 min. Serum samples were stored at −80 o C until the analysis of all parameters. All routine biochemical parameter levels were determined using a Beckman Coulter autoanalyzer (Beckman Coulter, Brea, USA).
The concentrations of CA IX were measured using an enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems, Minneapolis, USA) according to the manufacturer's instructions. The absorbance of samples was measured at 450 nm, using a microplate reader (Molecular Devices, San Jose, USA). The results were expressed as pg/mL. The minimum detectable level of human CA IX is typically <2.3 pg/mL.
The MDA concentrations were determined using the method described by Yagi. 14 Tetramethoxypropane was used as a standard and the MDA levels were expressed as nmol/mL.
The levels of serum TOS and TAS were determined using a commercial colorimetric kit (Rel Assay Diagnostics, Gaziantep, Turkey) according to the manufacturer's instructions. The TOS results were expressed as μmol H 2 O 2 equivalent/L and the TAS results as mmol trolox equivalent/L.
The TOS/TAS ratio was used as OSI. The units of TAS, expressed as mmol trolox equivalent/L, were converted into µmol trolox equivalent/L and OSI was calculated using the formula 15 :
Statistical analysis
Statistical analysis was performed using Statistical Package for Social Sciences (SPSS) software v. 23 (SPSS, Inc., Chicago, USA). The results are expressed as medians within the 25 th and 75 th percentile interquartile range (IQR). All variables were subjected to descriptive statistical analysis. Normal distribution of the concentrations of all parameters in the 2 groups was investigated using the Kolmogorov-Smirnov test. Differences between the groups were analyzed using the Mann-Whitney U test. The area beneath the receiver operating characteristic (ROC) curves was employed in order to calculate the discriminative power of all parameters in terms of the diagnosis or exclusion of HELLP. These ROC curves were used in the calculation of sensitivity, specificity, negative predictive values (NPV), and positive predictive values (PPV) for HELLP. Statistical significance was set at p < 0.05.
Results
The clinical characteristics of the 2 groups are presented in Table 1 . The sociodemographic features of the patients were comparable, and no significant differences were observed between the clinical features in the HELLP and control groups.
Median (IQR) serum CA IX, MDA, TAS, TOS, and OSI levels in the groups are summarized in Table 2 . Serum CA IX (p = 0.008), MDA, TOS, and OSI levels (p = 0.0001 for all) were significantly higher in women with HELLP syndrome compared to control subjects. However, although serum TAS levels were also higher in the study group compared to the control group, the difference was not statistically significant (p > 0.05). The ROC curve analysis was also used to quantify serum PLT, ALT, AST, and LDH, and oxidative stress and hypoxia marker levels (Fig. 1) . Values for cut-off points, the area under the curve (AUC), sensitivity, specificity, PPV, and NPV for individual parameters are shown in Table 3 . In terms of measured oxidative stress and hypoxia parameters, the highest sensitivity was observed in MDA, while the highest specificity was observed in OSI and TOS.
Discussion
The HELLP syndrome constitutes a group of symptoms observed in pregnant women with either pre-eclampsia or eclampsia, who also exhibit signs of hepatic damage and coagulation anomalies. The disease originates in the placenta, although the pathogenesis is not clearly understood. 16 Oxidative stress is described as an excess of ROS compared to the buffering capacity of the existing antioxidants. The condition has been implicated in a range of diseases, including atherosclerosis, cancers and preeclampsia. 17 Good placental oxygenation is essential during pregnancy for cell replication, proliferation and maturation, embryo development, and pregnancy maintenance. In addition, the rises in oxygen concentrations lead to the emergence of oxidative stress markers. As all vascular diseases, pre-eclampsia is characterized by an inflammatory response following ischemia and reperfusion. In the case of pre-eclampsia, placental reperfusion injury leads to a pernicious inflammatory response, implicated in inflammation and oxidative damage mediated by oxidative stress. 18 Although numerous studies have examined the relationship between pre-eclampsia and oxidative stress, there are only limited studies of oxidative and hypoxic status in HELLP syndrome as an extreme form of pre-eclampsia. 11, 12, 17, [19] [20] [21] [22] The purpose of this study was, therefore, to assess the status of hypoxia and oxidative stress markers in HELLP syndrome. In this study, serum MDA, TOS and OSI levels were significantly higher in patients with HELLP syndrome compared to control groups (p = 0.0001 for all). In agreement with our results, Zusterzeel et al. reported decreased levels of FRAP and increased levels of protein carbonyl in women with HELLP syndrome compared to healthy pregnant women. 11 Mohanty et al. reported higher serum MDA levels in women with pre-eclampsia compared to healthy women. The increase in oxidative stress is further supported by the observation of a negative correlation between MDA and antioxidants -vitamin E and vitamin C. 20 Sharma et al. reported increased levels of oxidative stress markers (GPx, SOD and MDA) and decreased levels of antioxidants (vitamin C and lycopene) in pre-eclamptic women compared to healthy controls. 17 Chamy et al. reported significantly decreased antioxidant enzyme activity and increased lipid peroxidation in preeclamptic groups compared to healthy pregnant women. 19 Vanitha Gowda et al. reported that lipid peroxidation and ceruloplasmin oxidase activity were significantly increased in pre-eclampsia compared to normotensive pregnant women. 21 Additionally, higher MDA and lower SOD levels were reported in women with pre-eclampsia women compared to the control group. 22 In our study, serum TAS levels were higher in the study group compared to the control group, but this was not statistically significant. We think that this may be attributed to the severity of the disease, the timing of sampling and methodological limitations, such as a relatively small study population.
Carbonic anhydrase IX is a membrane-associated glycoprotein and a member of the α-carbonic anhydrase family, responsible for catalyzing the reversible hydration of carbon dioxide to bicarbonate ions and protons. There are 16 known isoforms of CA in humans. 23 More than 50 genes can be induced by hypoxia, by means of hypoxia inducible factor 1 alpha (HIF-1α). Carbonic anhydrase IX is a particularly highly inducible and uniformly induced gene. Due to its stability and membrane location, it constitutes a reliable histochemical marker of hypoxia. 24 There is significant evidence that proves the existence of hypoxia in pre-eclampsia. 25 We, therefore, determined the CA IX levels as hypoxia markers in this study and observed significantly higher serum CA IX levels in patients with HELLP syndrome compared to healthy controls. Recent studies have shown the importance of pH in cell death under hypoxia, and the mechanisms of pH regulation are, therefore, likely to constitute vital pathways for survival. Northern blot analysis has revealed the CA IX expression in tissues, including the heart, liver, hair follicles, articular cartilage, placenta, choroid plexus, and salivary glands. The basal and lateral location of CA IX may similarly imply a role in the transport of bicarbonate or hydrogen ions. Bicarbonate or hydrogen ions in these areas are typically released into the luminal space and these cells may be exposed to extreme pH values. 24 Hence, there is a high probability that the activity of this membrane-associated carbonic anhydrase is involved in the preservation of intracellular pH in HELLP syndrome.
The exact pathobiology of HELLP syndrome is unclear, and no clinical gold standard biomarker for the evaluation of oxidative stress is yet available. 5, 11 Similarly, effective and economical biochemical markers are needed for the early diagnosis of HELLP syndrome. We, therefore, prepared ROC curves for both studied parameters, and gold standards of HELLP syndrome. The results of this analysis are shown in Table 3 and Fig. 1 . Although the sensitivity and specificity of the investigated markers were not comparable with those of ALT, AST, PLT, or LDH, we, nevertheless, think that these oxidative stress and hypoxia markers may assist physicians with the diagnosis of HELLP syndrome.
One limitation of our study was its low power. However, to the best of our knowledge, this study is the first to examine CA IX, TAS, TOS, and OSI as biochemical parameters in HELLP syndrome. Further follow-up studies are now needed to investigate the prognostic roles of these parameters in patients with HELLP syndrome.
